Deoxyribonucleic acid (DNA)-DNA hybridization was performed with 10 strains belonging to the "Erwinia herbicula-Enterubacter agglumerans complex" by using the competition method on nitrocellulose filters. These 
On the basis of a numerical phenotypic analysis of 169 strains belonging to the "Erwinia herbicola-Enterobacter agglomerans complex," Gavini et al. (11) described five major groups that were divided into 15 subgroups. Verdonck et al. (32) classified about 140 strains of Erwinia herbicola, Erwinia milletiae, and Enterobacter agglomerans into 23 different phena. Brenner et al. (3) studied levels of deoxyribonucleic acid (DNA) relatedness among 124 strains and found that 90 of these strains were distributed over 13 DNA hybridization groups. Using a similar hybridization technique, Lind and Ursing (23) showed that 52 of 86 Enterobacter agglomerans clinical isolates were closely related to each other and to the type strain of the species, as well as to the type strains of Erwinia herbicola and Erwinia milletiae. More recently, the study of Beji et al. (1) conducted with strains belonging to phenotypic groups B4 of Gavini et a]. (11) and 7B and 8 of Verdonck et al. (32) pointed out the high levels of DNA relatedness (72 to 97% DNA binding) among the type strains of these three species, 21 strains belonging to group B4, and two strains belonging to DNA hybridization group XI11 of Brenner et al. (3) . A somewhat lower level of DNA binding (62%) was noticed with strain CDC 3482-71, a member of group V of Brenner et al. (3) . The synonymy of the species names Enterobacter ugglomerans, Erwiniu herbicola, and Erwinia milletiae, which was suspected based on the high protein electrophoretic and phenotypic similarities among the type strains of these species (27, 32) and was demonstrated by DNA hybridization (23) , was confirmed by Beji et al. (1) . An emended description of these species, defined as DNA hybridization group 27155, was given by these authors (1) . Previously, groups E2, E3, and E5 of Gavini et al. (11) and DNA hybridization group XI of Brenner et al. (3) were shown to constitute the species Escherichia adecarboxylata (14) . In contrast to the findings of Izard et al. (15) and Brenner et al. (3) , Tamura et al. (31) found only very low levels of DNA binding (less than 13%) between strains belonging to Escherichiu adecarboxylata and strains of Enterobacter species and renamed the former taxon Leclercia adecurboxylata .
The aim of this study was to analyze another phenotypic group, group B5 of Gavini et al. (ll) , four strains of which were present in phenotypic group 10 of Verdonck et al. (32) . We determined (i) whether the eight strains of group B5 and four additional strains belonging to phenotypic group 10 of Verdonck et al. (32) could be characterized as a single genomic, protein electrophoretic, and phenotypic subset of the Elwinin herbicola-Enterobacter agglomerans complex, (ii) whether this subset could be separated at the species level from DNA hybridization group 27155 as defined by Beji et al. (l) , and (iii) the levels of genomic relatedness of these strains to other groups within the Erwinia herbicola-Enterobacter agglomerans complex (3, l l ) , to other species of the genera Erwinia and Enterobacter, and to other species of the family Enterobacteriaceue.
We propose a new genus, Pantoeu, which includes the following two species: Pantoea agglornerans comb. nov. for most strains belonging to DNA hybridization group 27155 of Beji et al. (1) Enterobacter agglomerans, Erwinia herbicola, and Erwinia milletiae) and Pantoea dispersa sp. nov. for DNA hybridization group 14589, as defined below.
MATERIALS AND METHODS
Strains used. The 87 strains used in this study are listed in Table 1 .
DNA-DNA hybridization. To prepare DNA, cells were grown in nutrient broth at 30°C for 24 h with shaking. Erwinia herhicola ATCC 14589T (T = type strain) was selected for the preparation of DNA labeled with [3H]thymidine. A modification of the method of Marmur (24) as described by Ferragut and Leclerc (10) was used to prepare both unlabeled and 3H-labeled DNAs. Unlabeled high-molecular-weight DNA was fixed and denaturated on nitrocellulose filters by using the technique described by De Ley and Tytgat (7). Fragmentation of DNA was carried out by using a French pressure cell at 20,000 Ib/in2. DNA-DNA reassociation was done in 2~ SSC ( I X SSC is 0.15 M NaCl plus 0.015 M trisodium citrate, p H 7.0) containing 30% dimethyl sulfoxide. The optimal temperature of renaturation in 2~ SSC containing 30% dimethyl sulfoxide (TOR.D) was calculated by using the following equation of De Ley and Tytgat (7) + 28.0. The mean guanine-plus-cytosine content of the labeled DNA of strain ATCC 14589T was 56.5 +. 0.5 mol% (three determinations), as determined by the thermal denaturation method (6, 25) . Consequently, the optimal temperature of renaturation was 56.8"C. The rate of reassociation was calculated by using the formula of De Ley and Tytgat (7) .
The AT, (the difference, in degrees Celsius, between the T, [the temperature at which 50% of the DNA was denatured] of the hybrid molecule and the T,, of the homologous DNA) was determined for Erwinia herbicola NCPPB 2285 and IPO 445. This experiment was performed by using the technique described by De Ley et al. (8) .
Polyacrylamide gel electrophoresis of soluble proteins. Protein electropherograms were prepared as described previously (26) .
Characterization of strains by the API 20E system. Tests in API 20E strips (API System, Montalieu-Vercieu, France) were performed at 30°C by using procedures described previously (27) . Results were coded and interpreted by using APILAB computer program V2.0.
RESULTS

DNA hybridizations.
Radioactive DNA from Erwinia herbicola ATCC 14589T was hybridized to filter-bound DNAs of 34 strains belonging to the Erwinia herbicola-Enterobacter agglomerans complex, to the DNAs of the type strains of five other Erwinia species, to DNAs from 10 strains belonging to other Enterobacter species, and to DNAs from 38 strains representing 37 other species belonging to the family Enterobacteriaceae (Table 1) .
Five strains belonging to phenotypic group B5 (11) and three strains belonging to phenotypic group 10 (32) exhibited 76 to 92% DNA binding to Erwinia herbicola ATCC 14589T. A high level of relative DNA binding (85%) was also observed with strain CDC 1429-71, which represents DNA hybridization group 111 of Brenner et al. (3) . The differences in thermal elution midpoints (AT,) between homologous and heterologous duplexes were 0.5 and 2.6"C for two of these strains (strains NCPPB 2285 and IPO 445, respectively). These 10 strains constitute a genomic group provisionally referred to as DNA hybridization group 14589.
The two remaining strains of phenotypic group B5 (strains Gilardi 953 and Angers B.6.2) (11) and strain Gilardi 1030, a member of phenotypic group 10 (32), exhibited only 41, 39, and 44% DNA binding, respectively, to reference strain ATCC 14589T.
The levels of DNA binding between strain ATCC 14589T and six strains belonging to DNA hybridization group 27155, as previously defined by Beji et al. (1) . were between 41 and 53%; the levels of DNA binding were less than 38% with strains belonging to other phenotypic groups (groups B1, B2, B6, B7, B9, and El) of Gavini et al. (11) . Representative strains belonging to DNA hybridization groups 11, IV, V to X, and XI1 of Brenner et al. DNA binding levels of 51,47, and 39% were obtained with the type strains of Erwinia stewartii, Erwinia uredovora, and Erwinia ananas, respectively, and DNA binding levels of 28 and 19% were observed with the type strains of Erwinia carotovora and Erwinia amylovora (type species [29] ), respectively. A DNA binding level of 3.5% was observed with the type strain of Enterobacter dissolvens (synonym, Erwinia dissolvens [4] ); DNA binding levels of less than 25% were obtained with strains belonging to other Enterobacter species (including the type species, Enterobacter cloacae [29] ), and DNA binding levels of less than 38% were observed with strains belonging to 37 other species of the family Enterobacteriaceae.
Comparison of protein electropherograms. Protein electropherograms were prepared from eight strains belonging to phenotypic group B5 (ll), four additional strains belonging to phenotypic group 10 (32), reference strain CDC 1429-71 of DNA hybridization group I11 of Brenner et al. (3) , and type strains Enterobacter agglomerans NCTC 9381 (= ATCC 27155), Erwinia ananas NCPPB 1846, Erwinia uredovora NCPPB 800, and Erwinia stewartii NCPPB 2295. Normalized photographs of the protein electropherograms are shown in Fig. 1 .
It is apparent that the 10 strains belonging to DNA hybridization group 14589, as delineated above, have many similarities in their protein patterns. ' ]The electropherograms of these strains differ significantly from the electropherograms of Enterobacter agglomerans NCTC 9381T (= ATCC 27155T), Erwinia ananas NCPPB 1846T, Erwinia uredovora NCPPB 8WT, and Erwinia stewartii NCPPB 2295T.
Strains electrophoretic group, with protein patterns that are very different from those of all other strains examined. API 20E seven-digit codes. The strains of DNA hybridization group 14589, as delineated above, were tested by using the API 20E system. Five strains gave the numerical code 1205173; strains NCPPB 2285 and Goullet 29.2.80 differed because of negative reactions in the API 20E amygdalin test and gave the code 1205172. Both of these codes were identified by the APILAB program as Enterobacter agglomerans or Erwinia sp. Strains Lille 214-6 and ATCC 14589T did not produce acid from L-rhamnose in API 20E strips and gave the code 1205163. Strain CDC 1429-71 produced acid from inositol and sorbitol but did not utilize citrate in the API 20E strips; consequently, code 1005773 was obtained. The latter two codes could not be identified unambiguously by the APILAB program, even when additional tests were taken into account; Enterobacter agglomerans was listed as one of the possibilities.
For comparison, strains Gilardi 953, Gilardi 1030, and Angers B.6.2, which were phenotypically similar to the strains belonging to DNA hybridization group 14589 (11, 32) but were genomically and electrophoretically different (Table 1 and Fig. l ) , were also examined by using the API 20E system. Strains Gilardi 953 and Angers B.6.2 yielded codes different from those mentioned above. Strain Gilardi 1030 gave the code 1205172, which was also found for two strains belonging to DNA hybridization group 14589 (see above).
DISCUSSION
The following 10 strains exhibited more than 75% DNA binding to Erwinia herbicola ATCC 14589T: 6 strains belonging to phenotypic group B5 of Gavini et al. (11) (3), each of their DNA hybridization groups conBtitutes a unique species. The high level of genomic relatedness of the strains belonging to DNA hybridization group 14589 was confirmed by the similarities observed in their electrophoretic protein patterns (Fig. 1) .
Levels of DNA binding less than 54% were observed between strain ATCC 14589" and all of the other strains tested, including three strains (strains Gilardi 953, Gilardi 1030, and Angers B.6.2) which have been classified in the same phenotypic groups as the strains belonging to DNA hybridization group 14589 (Table 1) (11, 32) . These strains constituted a separate electrophoretic group (Fig. 1) .
On the basis of the present data it is clear that DNA hybridization group 14589 constitutes a discrete species within the family Enterobacteriaceae. The closest relative of this species is DNA hybridization group 27155, as defined by Beji et al. (l) , with which it exhibits up to 53% DNA relatedness. The latter group consists of strains received as Enterobacter agglomerans, Erwinia herbicola , and Erwinia milletiae, including the type strains of these three species, and reference strains belonging to DNA hybridization groups V and XI11 of Brenner et al. (1, 3) . The degrees of genomic relatedness (levels of DNA binding) observed by Brenner et al. (3) between their DNA hybridization group I11 (which corresponds to our group 14589) and their DNA hybridization groups V and XI11 (corresponding together to group 27155 [l]) were 50 to 56%, which is in good agreement with our results ( [3] excluded) should be united as separate species in a single, new genus, because they form a distinct genomic (1, 3, 23) ( Table 1) and phenotypic (11, 27, 32) entity within the family Enterobacteriaceae.
We propose the name Pantoea gen. nov., for the new taxon, with the two species described below. The name Pantoea dispersa sp. nov. is proposed for the 10 strains belonging to DNA hybridization group 14589 (Table 1) ; from the data of Brenner et al. (3) it follows that the strains belonging to their DNA hybridization group I11 should also be included in this species, as both groups have strains in common. The name Pantoea agglornerans comb. nov. is proposed for the 52 strains belonging to protein electrophoretic profile groups I and I11 to VI as defined by Beji et al. The data presented here and previously (1, 3, 23) suggest that other groups within the so-called Erwinia herhicolaEnterobacter agglomerans complex might also be included as additional species in the genus Pantoea. Strains representing some other DNA hybridization groups of Brenner et al. (3) (Fig. 1) but were found to be phenotypically close to Pantoea dispersa strains (11, 32) . Erwinia ananas NCPPB 1846T was found to be 56% related to Pantoea agglomerans ATCC 27155T (l), but only 39% related to Pantoea dispersa ATCC 14589T (Table 1) . More data on more strains are needed to confirm these observations and to clarify the taxonomic position of these groups and species.
Finally, data presented here or published previously (1, 27) strongly suggest that extreme caution should be used in identification of strains as Enterobacter agglomerans, Erwinia herbicola, or Pantoea sp. when researchers rely solely on rapid, commercialized identification systems. With one such system, API 20E test strips, we were unable to differentiate unequivocally among some strains of Pantoea dispersa and Pantoea agglornerans, other named Enterobacter agglomerans and Erwinia herbicola strains, and strains of other Erwinia species or of other genera (1, 27; this paper). Some helpful additional discriminating features, which are not contained in some of the rapid systems, are shown in Tables 2 and 3 The species has all of the characteristics of the genus. The specific description below is mainly based on 16 strains studied by conventional methods by Gavini et al. (11) .
Culture conditions. Strains grow well on nutrient agar at 30°C but not at 44°C.
Biochemical characteristics. The biochemical characteristics at 30°C (11) are shown in Tables 2 and 3 
L-citrulline, L-arginine, DL-kynurenine, betaine, creatin, palanine, ~~-3-aminobutyrate, ~~-5-aminovalerate, ~~-2 -a m inobenzoate, ~~-3-aminobenzoate, ~~-4-aminobenzoate. urea, acetamide, sarcosine, ethylamine, butylamine, amylamine, ethanolamine, benzylamine, putrescine, spermine. histamine, and tryptamine.
DNA base composition, The guanine-plus-cytosine contents of 21 strains range from 55.1 to 56.8 mol% (5, 27; Mergaert, unpublished data), as determined by the T, , method.
Habitat. Isolated from plant surfaces, seeds, and water, as well as from humans (wounds, blood, urine, internal organs) and animals. Some strains (synonym, Erwinia milletiae) have been reported to cause galls on Wisteriafloribunda and Wisteria japonica, some strains have been reported to cause galls on Gypsophila paniculata, and some strains have been reported to cause stalk and leaf necrosis on onions (14) .
The strain is strain ATCC 27155 (= CDC 1461-67 = NCTC 9381 = LMG 1286 = ICPB 3433, which was isolated from a knee laceration in Zimbabwe.
Description of Pantoea dispersa sp. nov. Pantoea dispersa (dis. per' sa. L. v. dispergere, to spread, to scatter; L. fem. part. adj. dispersa, spread, scattered). The species has all of' the characteristics of the genus, as well as the characteristics described below.
Culture conditions. Strains grow at neither 4 nor 44"C, but grow well on nutrient agar at 30 and 41°C.
Biochemical characteristics. The biochemical characteristics at 30°C (11) are shown in Tables 2 and 3 DNA base composition. The guanine-plus-cytosine contents of four strains are 56.5 mol% (strain ATCC 14589T) (this paper), 58.6 mol% (strain Graham G146) (3, 59.1 mol% (strain NCPPB 2285) (Mergaert, unpublished data), and 60.6 mol% (strain IPO 445) (9) , as determined by the T,, method.
Habitat. Isolated from plant surfaces, seeds, humans, and the environment.
Type strain. The type strain is strain .4TCC 14589 (= LMG 2603), which was isolated from soil in Japan (18) .
The biochemical characteristics of type strains Pantoea agglomerans ATCC 27155 and Puntoea dispersa ATCC 14589 are shown in Table 2 .
Differential characteristics for Pcrntoea agglomerans, Puntoea dispersu, and the species previously classified in or phenotypically related to the Erwiniu herbicolaEnterohacter agg1,merans complex are shown in Table 3 . Additional differential characteristics that differentiate Pantoea agglomerans and Pnntoea dispersa are utilization of meso-erythritol, amygdalin, and gentiobiose as carbon sources within 5 days at 30°C (absent in the former species and present in the latter species).
